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Table 1. Results of statistical tests of skewness and kurtosis for the 
distribution of group size data from different disturbance 
types. Estimates and p-values are provided for each 
disturbance type expressed as an abbreviation; HB (High 
Benign), LB (Low Benign), LH (Low Harm), and HH (High 
Harm) across chain-rules (15 m, 30 m, and 50 m). 
48 
Table 2. Results of GLMMs testing for the effect of disturbance (High 
Benign, Low Benign, High Harm, High Harm) and logged 
distance to cover on log-transformed group size. Each model 
considers the data using a different chain-rule (15 m, 30 m, 
or 50 m) using negative binomial errors. Effects (β) are 
presented with 95% confidence intervals (method: Wald) 
which are highlighted in bold when intervals do not cover 
zero. Categorical fixed effects are relative to the reference 
level (High Benign). 
53 
Table 3. Results of LMMs testing for the effect of disturbance (High 
Benign, Low Benign, Low Harm, High Harm) and forage 
greenness on group size. Each model considered the data 
using a different chain rule (15 m, 30 m, or 50 m). Effects (β) 
are presented with 95% confidence intervals (method: Wald) 
which are highlighted a bold when intervals do not cover 
zero. Categorical fixed effects are relative to the reference 







Table 1. Average model summaries of assessment distance across 
different human disturbances, High Benign, Low Benign, Low 
Harm, and High Harm. Statistically significant variables at 
95% confidence level are shown in bold. A dash indicates that 
the variable was not present in the model. 
77 
CHAPTER 5 
Table 1. P-values of Chi-Squared goodness of fit tests for comparisons 
of transition frequencies of following behaviours between 
disturbance types. 
102 
Table 2. Wald value and 95% confidence intervals for the comparison 
of logged mean duration of behavioural events Grazing, V1, 
V2, V3, and Grooming between disturbance types (HB: High 
Benign, LB: Low Benign, LH: Low Harm, and HH: High Harm). 
106 





Figure 1. Location of the study area within New South Wales, 
Australia, showing roads and forested and cleared areas 
within the study area. Property boundaries and human 
disturbance were omitted to ensure anonymity. 
41 
Figure 2. Demography classification reference images of (A) large 
adult, (B) medium adult, (C) small adult, (D) sub-adult, (E) 
young-at-foot, and (F) pouch young. 
44 
Figure 3. (A) Logged grazing density of eastern grey kangaroos in 
cleared habitat across different types of human disturbance. 
(B) Logged group size as a function of disturbance and
49 
x 
different chain-rule (15 m, 30 m, and 50 m). (C) Logged 
nearest neighbour distance per group across disturbance 
types of human disturbance and at each chain-rule; 15 m, 30 
m, and 50 m. (D) Resource greenness across disturbance 
types, error bars indicated standard error. Groups were 
determined using the 15 m chain-rule. For all plots human 
disturbance was expressed as an abbreviation; HB: High 
Benign (dark green), LB: Low Benign (light green), LH: Low 
Harm (light blue), HH: High Harm (dark blue). 
Figure 4. The relationship between the proportion of mothers, pouch 
young, and young-at-foot (vulnerable individuals) positioned 
closer to the forest edge and the group’s distance from 
cover. The relationships are plotted for each disturbance 
type with shaded regions reflecting confidence intervals 
(95%). 
51 
Figure 5. Demographic composition across different disturbance types 
using three measures of chain-rule to determine group 
membership; 15 m, 30 m, and 50 m. Demographic categories 
were large adult, medium adult, small adult, sub-adult, 
young-at-foot, and pouch young. Values are mean 
proportional contributions to groups, while error bars 
indicate standard errors. 
52 
Figure 6. Relationship between logged distance to cover (m) on logged 
group size (n) as a function of human disturbance at each 
definition of chain rule (15 m, 30 m, and 50 m). Linear trend 




Figure 1. Location of the study area within New South Wales, 
Australia, showing roads and forested and cleared areas 
within the study area. Property boundaries and human 
disturbance were omitted to ensure anonymity. 
71 
Figure 2. A) Mean assessment distances for groups of eastern grey 
kangaroos under different human disturbances, HB: High 
Benign, LB: Low Benign, LH: Low Harm, and HH: High Harm. 
B) Mean assessment distances for groups of eastern grey
kangaroos as a function of human disturbance and the
presence of vulnerable individuals (pouch young and young
at foot). Width of boxes is proportional to the square root of
the sample sizes. Shaded boxes represent groups without
vulnerable individual and hollow boxes groups containing
vulnerable individuals.
75 
Figure 3. Relationship between logged assessment distance and alert 
distance under different human disturbances, HB: High 
Benign, LB: Low Benign, LH: Low Harm, and HH: High Harm. 
Linear trend lines were plotted for significant relationships 
with shaded regions reflecting confidence intervals (95%). 
76 
Figure 4. Significant responses of assessment distance to 
environmental and group parameters across disturbance 
types. Variables have been scaled to allow comparison across 
variables. Relationship between assessment distance and A) 
distance to refuge at LH, B) the proportion of large adults in 
the group at LH, C) resource greenness at HH, D) group size 




Figure 1. Location of the study area within New South Wales, Australia, 
showing roads and forested and cleared areas within the 
study area. Property boundaries and human disturbance 
were omitted to ensure anonymity. 
98 
Figure 2. Flow diagrams highlighting the significant difference in 
following behaviours between disturbance types. Red 
lines indicate a decrease in transition probability 
between the reference disturbance type and the test 
disturbance type. Green arrows indicate a higher 
transition probability at the test disturbance type than at 
the reference disturbance type.  
103 
104 Figure 3. Mean time spent in each behavioural state across
   disturbance types. Error bars represent standard 
     error. Letters denote significant differences at p < 0.05. 
Figure 4. Duration of each behavioural state (Grazing, Grooming, 
Resting, V1, V2, and V3) across disturbance types; HB: High 
Benign, LB: Low Benign, LH: Low Harm, and HH: High Harm.   
105 
Figure 5. Mean duration of time (seconds) that pouch young spent 
nursing, allogrooming, playing or performing exploratory 
dashes across disturbance types; High Benign (HB), Low 
Benign (LB), Low Harm (LH) and High Harm (HH). Error bars 
represent standard error. 
107 
Supplementary Figure S1. Flow diagram of transition frequencies for   
 following behaviours at each disturbance type. Arrow  




The expanding human population has reduced the space for wildlife to exist without 
the influence of humans. Human disturbances can elicit fear responses in wildlife, 
often leading to avoidance and adjustments to antipredator behaviour. These 
responses can be justified when human activities are harmful but can be misplaced if 
human actions pose little threat. The ability of wildlife to accurately interpret risk 
associated with anthropogenic activities can be instrumental in facilitating persistence 
in landscapes shared with humans. In rural or countryside environments, landscapes 
comprise a mosaic of tourist locations, wildlife-friendly farms, or farms where 
acceptance and tolerance of wildlife can vary greatly. 
This study aimed to determine whether eastern grey kangaroos (Macropus 
giganteus) were capable of assessing different kinds of behaviours engaged in by 
humans towards them in these shared landscapes and explore the behavioural 
adaptions they might utilise to persist in complex countryside landscapes. I studied a 
population of free-ranging kangaroos in a contiguous landscape of national parks and 
private properties where they encounter human disturbances that vary in intent 
(benign or harmful) and frequency (low or high).  
I found strong evidence that eastern grey kangaroos respond to the intent and 
frequency of human disturbances and appear to be habituated to human disturbances 
in areas where interactions with humans are frequent and of benign intent. 
Desensitisation to benign disturbances was readily developed, as animals experiencing 
low encounter frequencies with humans displayed flight responses similar to those 
that encountered them at higher frequencies. Through the analysis of behavioural 
activity patterns and transitions, I found no indication that individuals experiencing 
benign disturbances were likely to incur fitness costs as a result of benign human 
disturbance. In comparison, when kangaroos experience hunting or harassment, 
typical antipredator behaviours, like forming larger groups when further from cover, 
was not observed. However, they were fearful of humans and spent less time grazing, 
which may negatively impact on their energy intake and associated fitness. 
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Furthermore, pouch young at these sites were restricted to the pouch more often 
than at sites of benign disturbance, reducing the amount of time young interacted 
with the environment and conspecifics, potentially impacting juvenile development 
and survival. 
In this thesis, I have been able to show that behavioural plasticity in kangaroos to 
human behaviour is contributing to their persistence in the complex countryside 
landscapes shared with humans. Learning from previous interactions with humans 
informed the expression of behaviours and fostered coexistence. However, 
coexistence comes at a cost, and the harmful effects of hunting extended well 
beyond the lethal consequences of being shot, as living in fear can reduce individual 
fitness and juvenile survival.
